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Annomayusa. Ilpedcmasnenvt pesyrvmamsl pazpabomku oucnemuepa 05 COBMECHHO20 GbINOJHEHUS.
UMUMAYUOHHBIX MOOeNell MHO2OKOMNOHEeHMHbIX cucmeM. llpoepammHoe obecneuenue peanu308aHo Ha
Python, umo obecneuusaem unmezpayuio MHONcecmea OubAUOMEK ONisl YNPAGIEHUS U AHAAU3A OAHHDIX.
Obmen dannvimu ocywecmensiemcs uepes UDP-nakemvl, noddepaxcusarowjue pasmvie sa3viKu Npocpammu-
poseanus. dmo ynpowaem peanuzayuro mexuonozuu hardware-in-the-loop, ynyvwas paspabomxy cucmem
ynpaesnerus. [lpumep ucnonvzoganus oucnemuepa RPeOCmMagieH Ha MOOeIU CUCTeMbl OPUESHMAYUU KOCMU-
yeckozo annapama CubeSAT ¢ maenumuou cucmemoui opuenmayuu. Ilpuseden ancopumm B-Dot u pe-
3y6Mamspl MOOEIUPOBaAHUsT NEPexooHo2o npoyeccd. McxoOHvld ko0 docmynen nod auyensuei BSD na
GitFlic, a 0okymenmayus — na ReadTheDocs.

Krnioueswvie cnosa: cucmema opuenmayuu u cmadbunuzayuu, maehumuasn cucmema, CubeSAT, umuma-
YUOHHOE MOOeIUPOBAHUE, COBMECTMHOE PelleHe.
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Abstract. The results of the development of a scheduler for the joint execution of simulation models of
multicomponent systems are presented. The software is implemented in Python, which allows integration
with numerous libraries for control and data analysis. Data exchange is carried out via UDP packets that
support different programming languages. This simplifies the implementation of hardware-in-the-loop
technology, improving the development of control systems. An example of using the scheduler is demon-
strated on the model of the attitude determination and condtrol system of a CubeSat spacecraft with a mag-
netic orientation system. The B-Dot algorithm and the results of simulating the transient process are pro-
vided. The source code is available under the BSD license on GitFlic, and the documentation is available
on ReadTheDocs.
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solution.
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Part 1. Informatics, computer technology and management

Introduction

As part of the implementation of the project "Space mission ReshUCube-3", the laboratory of small
spacecraft (SSC) of Reshetnev University together with the laboratory of Space systems and technolo-
gies of the FRC KSC SB RAS is developing an orientation system for a small satellite of the CubeSat
1U format. It has an active magnetic orientation system, the structure of which is shown in Fig. 1. It is
a classical system with feedback.
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Fig. 1. ADCS of ReshUCube-3 structure

The state of the spacecraft (SC) is described by the angular velocity ' and the rotation quaternion A”
of the associated coordinate system (superscript B, body axes) relative to the inertial space (I, inertial).
The state depends on the applied rotational moment, which is composed of the moment from the M.,
aerodynamic forces and the magnetic moment M. The controlling moment is the magnetic moment,
which is created by the interaction of the magnetic fields of the electromagnetic device (EMD, magnetic
coil) and the vector B of the Earth's magnetic field (EMF).

Several coordinate systems are used to control the orientation - some vectors are simply more con-
venient to specify in their own coordinate system. Firstly, this is a bound coordinate system (body
axes, index B), the axes of which are rigidly connected to the apparatus and rotate together with it.
They are usually located along the construction axes of the spacecraft. Secondly, the inertial coordi-
nate system (inertial, index I), which is tied to the inertial space, to the direction to the stars. It does
not rotate. Thirdly, the orbital coordinate system (orbital, index O), always directed by the xo axis to
the center of the Earth (along the local vertical), and the Xq axis is directed along the spacecraft veloc-
ity vector. This system is convenient for determining the direction to the Earth and taking into account
acrodynamic forces and moments. The superscripts of a vector or quaternion indicate in which of the
coordinate systems its components are taken.

The control device generates a control signal in such a way that the measured rotation quaternion
A% ... becomes equal to the desired quaternion A%, i.e., so that the spacecraft takes the specified
orientation. In form, this is a classic PD controller for such tasks (for the D-channel, the angular veloc-
ity ® 1ens 18 used). An excellent review of the current state of magnetic orientation systems is given in
[1].

In the given control system, the navigation algorithm and the observer algorithm are quite complex,
which, based on sensor readings, calculate the most statistically reliable values of the spacecraft state
variables.

In the structural diagram, it is possible to distinguish groups of blocks that have different natures.
For example, spacecraft rotations, aerodynamic and magnetic moments have a physical nature and act
continuously; the controller, observer and navigator are algorithms that operate in the onboard com-
puter with some periodicity. It is clear that in simulation modeling, these groups must be calculated
using different computational methods, linking them into a single calculation in order to obtain a joint
solution.
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This calculation method is called co-simulation, the essence of which is as follows. Simulation
models of parts of the system are combined with their calculation method (solver) into calculation
modules. The modules are sequentially, in the order specified by the system structure, launched for
calculation at a certain step of model time. The calculation results are transmitted as initial conditions
for the modules following in the calculation order. Thus, the modules are interconnected, and the
overall solution is joint.

Problem Status Overview

A good and very detailed overview of the current state of this technology is given in [2]. Inter-
modular interaction is provided by an orchestrator - a module manager that sets the model time, de-
termines the order of launching modules for calculation and ensures the transfer of data between mod-
ules, from the output to the inputs of the next one.

ALGORITHM 3: Generic Jacobi-based orchestrator for autonomous CT co-simulation scenarios.

Data: An autonomous scenario cs = (0, Yo, D = {1,...,n},{S;},L,0), and a communication step
size H.

Result: A co-simulation trace.

t:=0;

x;i=x;0)fori=1,...,m

while true do

Solve the following system for the unknowns:

Y1 = A (t, x1, u1)

. (15)
Yn = An(t,xns un)
L(y17~-~,yn7y037u17~~-,un) = 6

x; = 8;(t,xi,u;), fori=1,..., n; // Instruct each SU to advance
t:=t+H,; // Advance time

end

Puc. 2. AnropuT™ opKecTparopa Ajs CUCTEM C HEIIPEPbIBHBIM BpeMeHeM [2]

Fig. 2. Orchestrator algorithm for continuous-time stystens [2]

Fig. 2 shows a generalized orchestrator algorithm for continuous-time systems. It explicitly identi-
fies a cycle over model time, in which:

1. Model outputs are calculated taking into account the imposed constraints. Here, a system of non-
linear equations is solved that calculates the operating point of the system.

2. Model state variables for the next step are calculated.

3. Step H is taken over time.

The cycle is performed until the final time is reached.

In the given algorithm, Az, x, u) is the function for calculating the model output y; x and u are the
state variables and inputs of the model; ¢ is the function for calculating the system state variables; H is
the time step size; L is the functional that specifies the constraints.

The authors of [2] distinguish discrete, continuous and hybrid models depending on the type of in-
teraction of models in time. They differ in the features of orchestration during joint calculation. The
review considers in detail the problems of joint modeling specific to each type of system, for example,
the use of constraints imposed on solutions, algebraic cycles, strategies for initializing models at the
operating point, control of convergence and stability of the solution, accuracy and validity of coupled
models.

In practice, inter-model interaction is implemented in different ways. A common pattern is the "Pub-
lisher-Subscriber" message transfer pattern [3], in which a message (e.g., a calculation result) is placed
by the publisher in a data transfer channel or database, and the subscriber selects only the messages it
specifically requires.
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In some implementations, the publisher sends messages to an intermediary (broker). In this case, sub-
scribers must register a subscription with the broker, which stores and forwards messages to the sub-
scriber. Subscribers can subscribe to specific messages at the coding stage, during application initializa-
tion, or during execution.

For example, the well-documented HELICS (Hierarchical Engine for Large-scale Infrastructure Co-
Simulation) framework [4] uses a broker that organizes inter-model communications (provides informa-
tion about model interfaces), and message exchange occurs at the horizontal model-to-model level, by-
passing the broker (Fig. 3). Subscription uses JSON configuration files that are read during initialization.
In addition, in HELICS, the broker functions as an orchestrator, synchronizing message exchange.
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Fig. 3. Base architecture of HELICS framework [5]. Here Federate is a computational module containing
a core (simulation control and message interface) and executable model code

The architecture of the MOSAIC package, written entirely in Python, includes a core and a set of
interfaces (Fig. 4). The core, in which the orchestrator is implemented, consists of two components: a
scheduler and a model coordinator.

The user writes a script that sets the modeling mode. Based on the script, the scheduler determines
the parameters of the models, ensures the sequence of execution and synchronization of the models,
and acts as a broker for data exchange. The coordinator is responsible for communication between
models, using interfaces for specific protocols for inter-model data exchange.

In the domestic simulation modeling complex SimInTech, a broker is not used: the model does not
register signals, but simply takes them by requests to the common intermodel signal database. The ar-
chitecture of the complex is shown in Fig. 5.

The SimInTech complex is a system with model compilation into machine code, which allows for
very fast simulation. To set up custom control algorithms containing complex operations for process-
ing sensor signals and calculating control, a built-in programming language is used. It is a dialect of
the Pascal language adapted for the tasks of programming simulation models operating in time. For
example, it includes code sections that are executed at individual stages of simulation (compilation,
initialization, finalization), there are capabilities for accessing system functions and variables, as well
as for working with a model signal database, etc.

The language is quite deeply specialized and is not fully compatible with the Pascal language (for
example, there is no way to set complex types of variables and objects), there are no third-party com-
pilers and debuggers for it.

The latest versions of SimInTech have integration with the Python programming language - you
can execute a script once (for example, during initialization). Since Python code is not compiled, it
will take quite a long time to execute when executed cyclically (starting the interpreter, passing the
script and parameters, execution, passing the results).
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Fig. 4. Architecture of MOSAIC framework [6]

It is executed by a Python interpreter external to SimInTech, and with this method of launching it is
extremely difficult to implement storage of the state of objects (this was required for the SGP4 algo-
rithm, which determines the current position of the spacecraft [7]).
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Fig. 5. Architecture of SimInTech dynamic simulation environment [8]

SimInTech allows you to develop a block with your own algorithms using external SimInTech
tools (for example, in the form of a dynamic .dll library), but the creation procedure is described only
for Windows, using the Delphi environment. In 2020, the SimInTech system was successfully ported
to Linux OS [9], but, unfortunately, to date there is no description of the procedure for creating and
connecting blocks in the form of dynamic .so libraries. Debugging in the SimInTech programming
environment is not very convenient, although all the basic tools are available (breakpoints, viewing the
state of variables, etc.). The static code analyzer (linter) is not implemented. As a result, a number of
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features of the software discussed above did not allow the implementation of the orientation system
model in it; the code was quite cumbersome, fast-growing and difficult to debug.

Therefore, it was decided to rewrite all algorithms and models in Python, for the joint execution of
which a dispatcher was written for the joint execution of models calculated by different algorithms.

Considering modeling systems implemented using Python, we should mention the excellent and
well-developed Basilisk system [10], developed at the Astrodynamics Research Center of the Univer-
sity of Colorado. This compiled system is written in C++, and the Python code is linked (and com-
piled) to the system via the Software Interface Generator (SWIG). Accordingly, the models are exe-
cuted quite quickly. Basilisk was written specifically for modeling space systems and has a very good
graphics subsystem. It also has the ability to connect C++ code, implement hardware-in-the-loop tech-
nologies, as well as software-in-the-loop programs. Like all programs with extensive functionality,
well-developed and with a long history, Basilisk is quite difficult to use, but this complexity is fully
justified. Frankly speaking, if at the time when the author started working on the orientation system,
the Basilisk system had been encountered, then it is unlikely that the development of his own model-
ing system would have begun.

The orientation system model presented in the report [11] is written entirely in Python. Its peculiar-
ity is that it uses a simplified technology of joint modeling: a common matrix of equations is formed,
solved by the LSODA algorithm for continuous systems per time step; then the orientation system al-
gorithms are executed. The system has algorithms and equations of individual blocks, each of which
ensures the formation of its part of the equation system.

Architecture
Figure 6 shows the architecture of a dispatcher for simulation modeling of control systems.
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Manager DB (discrete)

A
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Fig. 6. Architecture of dynamic simulation model manager pySimScheduler [12]

Each model is implemented as an independent calculation module. It is launched in a separate
process and contains both the equations and algorithms of the model, and the methods of numerical
calculation of these algorithms. The module must calculate its output values for a certain time interval.

Similar to how it is implemented in SimInTech, the module can be in several states (Fig. 7). The
transition between these states occurs according to the dispatcher commands or in response to the
module's internal events.

After receiving the command to start the simulation, the module switches (A) from the Idle waiting
state to the Run working state; in this case, the graphics and internal variables of the module are ini-
tialized (the initial state is set). After this, the dispatcher cyclically issues a command to each calcula-
tion module to perform a calculation step (B), passing the initial data (the calculation result of the
modules adjacent to it) to the module and taking the calculation results (to pass them on to subsequent
modules). At the end of the calculation time, the module switches to the waiting state (C), performing
actions to finalize the calculation (finishing the graphics, closing files). If an internal error occurs dur-
ing the calculation, the module switches to the error state (E) with the error message to the dispatcher,
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g and then stops. In this case, on the command of the
dispatcher, the remaining modules switch to the wait-
ing state.

Data exchange is performed via UDP packets,
which contain variables from the common database
required for a specific module. Each module contains a

C
database manager. It unpacks/packs packets and dis-

tributes data according to the internal variables of the
module class. The system is based on [13], where ex-
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Fig. 7. State machine of pySimScheduler The database must contain the actual database of

model manager variables that will be common between modules. It

also contains a list of modules indicating which vari-
ables participate in the exchange (which are transmitted, and which are received).

After the module is initialized, a Manager object will appear in its attributes, which is the database
manager. It will create (during its initialization) the required attributes in the module object, which are
fields of the common database — they will be synchronized at each calculation step.

The general database, its fields, and the composition of specific variables for exchange with spe-
cific modules are set in the container class in the form of attributes:

Listing 1. Sample database code

class DataBase():
# --- common variables ---
t=0. # model time
dt=0.25 # calculation step
tmax = 4. # simulation time
cmd =0 # command to all modules

# --- user variables ---
U =np.array([0.1, 0.,0.]) # control

L B =np.zeros(3) # magnetic field of coils
B_I=np.array([0., 1e-5, 0.]) # magnetic field (I), [T]
Mm_B = np.zeros(3) # torque from coils
w_B =np.zeros(3) # angular velocity

q_IB = quat.Quaternion()  # quaternion of the bound SC relative to the inertial

Modules are called in the order they appear in the Tasks dictionary. For example, Listing 2 speci-
fies three modules (Rotation, Control, and Plot2D), whose names are keys in this dictionary:

Listing 2. Example of defining module call parameters

Tasks = {
'Rotation': {'Keys":"""t,cmd,dt,

U,L BB I,Mm B,

w_B,q IB""},
'Control:{'Keys"['t','emd','U",'B_I','q IB']},
'Plot2D": {'Keys"'t,cmd,dt,U,w_B,q IB',

'Addr':('188.162.92.100', 6502),
'noAnswer': True}

The values corresponding to the keys are also dictionaries (dict). They have a mandatory Keys,
which specifies the database fields that will be exchanged with this module at the specified address.
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If data is exchanged with a remote system, then it is necessary to specify the network address to
which data packets will be sent. In this case, the Addr key is added, the value of which must be a tuple
and have the form (ip address, port).

It is possible to configure the exchange so that the module does not return data, but only receives
them. This is convenient when the module solves computationally difficult problems of visualizing two-
dimensional and three-dimensional graphs. In order not to wait for an answer, the noAnswer flag is used.

Since standard methods for solving differential and other equations are used to obtain a joint solu-
tion in each of the models, and data exchange is completely predictable, the joint solution will be ade-
quate and accurate. It is clear that for a stable solution, the question of choosing the step length of va-
riable exchange arises. It is considered in many publications (see review [2]), and with a reasonable
approach to choosing the parameters of the solution methods, the joint solution will be adequate.

Writing and executing models

The model code looks like a description of a Python class, which must have methods with specific
names that are called during transitions between states. It is necessary to specify the calculation code
of the model in them. The state machine (see Fig. 7) and the database manager are implemented in the
parent class, from which the class with the model description must be inherited.

From the code, it is clear that it is necessary to override (if necessary) the following methods, spe-
cifying the required model logic in them:

— Setup — is run once when an instance of the model class is created;

— Initialize — is executed once during model initialization before running the calculation;

— Run — model calculation. It is cyclically for each time interval dt;

— Finalize — is executed once, at the end of the calculation.

On transitions to the Error and Stop states, the module's internal service methods are executed, into
which the user should not enter the model logic.

At the end of the file with the model code, you need to create an instance of the class and transfer
control to the internal state machine:

Listing 3. Example of transferring control to a module

model = Controller(TaskList=db.Tasks, DB=db.DataBase(), isSheduler=False, isReal Time=False)
model.Manager.Loop()

The parameters of the model class are specified:

— TaskList: list of modules Tasks;

— DB: shared database object;

— isSheduler: a flag indicating whether the module contains a dispatcher and runs other modules.
One of the modules must be the master module, run all the others and ensure data exchange. It must
have the isSheduler=True flag and be run last. It is convenient to make the module whose code we are
currently working with the master module;

— isRealTime: flag indicating whether we are working in real time (the 7 attribute corresponds to
real time). This mode is usually used when exchanging data with real equipment.

Each module must be run in a separate Python interpreter, with the console displaying the module's
state. After the master module has been launched, the system begins to simulate - it runs the state ma-
chine. After the simulation time has expired, the slave modules go into the Idle state and wait for fur-
ther commands. When restarting, the model uses the initial conditions specified in the database at the
time of Setup; initial conditions can be specified directly in the model code.

Application
To determine the quaternion of the spacecraft rotation relative to the inertial space, the navigator
algorithm is used.
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Let a set of unit “measured” vectors b be received from the sensors in the current angular and spa-
tial position of the spacecraft, presented in a related coordinate system. For a small spacecraft with a
limited set of sensors, this could be, for example, the direction to the Sun, Earth, and the EMF vector.

Also, for the current spatial position of the spacecraft, the same vectors are calculated — a set of
“standard” (reference) unit vectors . They are specified in the inertial reference system.

It is necessary to find a rotation that will combine the reference vectors with the measured vectors
with the smallest error. This rotation will determine the angular position of the associated coordinate
system relative to the inertial one.

The calculation of reference vectors must be performed on board. The initial data for this algorithm
are the spacecraft coordinates in the inertial coordinate system, which are calculated based on the TLE
parameters using the SGP4 algorithm. This is a fairly complex algorithm (Fig. 8), proposed in [14] and
translated into many programming languages. To determine the coordinates, the TLE parameters are
transmitted to the spacecraft from time to time (at intervals of approximately one week). The SGP4
algorithm is quite resource-intensive, and therefore the exact calculation is performed periodically
(daily), and between its calls an approximate, extrapolated solution is calculated.
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Fig. 8. Navigation algorithm structure

In the simulation model of the system, calculation of reference vectors is also required for sensor
models. In this case, the algorithm models the surrounding world — the “real” position of the Sun and the
vector of the EMF, calculating the corresponding vectors #* in the inertial system. Based on these vec-
tors, the sensor model forms the measured vectors b, adding noise and bias.

If the vectors 7 and »* are calculated using the same algorithm, they will differ only in the added
noise. Therefore, to increase the robustness of the system, it was decided to use different implementa-
tions of the algorithms: in the onboard software, to use the C/C++ code from [7; 15], and in the sensor
model, to use the OreKIT astrodynamics library [14].

A simplified manager was developed to link the C++ code with the dispatcher, which is written in
Python. It implements a similar state machine (see Fig. 5), calling the necessary procedures for ini-
tialization (required for the SGP4 algorithm), calculation per time step, and finalization of the model.
Since the format of structures in Python and C++ is different, the cppystruct library [17] is used to
work with UDP packets on the model side. It allows unpacking and packing UDP packets into a for-
mat accepted by the struct library (an example of the code is given in the ex5.1 directory of the reposi-
tory [13]). At the moment, the manager code is formed by calling a special dispatcher method; the
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code will form a C++ structure with field names corresponding to variables in the database. The pro-
grammer must independently set calls to the necessary procedures, passing them data from this struc-
ture and filling its fields after the calculation.

Control of the spacecraft's rotational motion

Figure 9 shows the structural diagram of the rotational motion model. It details the EMU, KA and
Aerodynamics blocks shown in Fig. 1.

Control with aerodynamic feedback is quite complex. A detailed examination of the control princi-
ple in this case requires a separate article. Briefly, it can be noted in advance that the aerodynamic
moments have a value of about 10 % of the moments created by the magnetic orientation system.
Therefore, in the first approximation, we will not take this feedback into account.

The rotational motion of a rigid body is described by two equations — dynamics and kinematics
[16]. The first, the Euler equation, written in a bound coordinate system (CS) in matrix form, has the
form

Jo? + o x(Jo?)=M?,
expressing from which the derivative of the angular velocity, we have
@ =J"! (MB — 0B x (J(oB)),

where J is moment of inertia tensor; ®” — angular velocity vector; M” is torque moment.
The equation of rotational kinematics, written in quaternion form, has the form

AlB :lAIB c®,
2
where A is quaternion of rotation of the associated SC relative to the inertial space.

The moment acting on the spacecraft consists of aerodynamic and magnetic moments. The mag-
netic moment is used to control the motion. It is created by the interaction of the field of the coils L
and the Earth's magnetic field B. Like the needle of a magnetic compass, the system of coils rotates
until the vector L coincides with the Earth's field B. The rotational moment can be calculated
asM=L xB.

J oB B AIB 1B
L-’ kcoil J M —w x (Jw)) B> f it 1Aw A—> f A
A
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my
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Fig. 9. Model of satellite rotational movement

For simplicity, we assume that the main feedback (including the navigation and observer algo-
rithms) works perfectly, its coefficient is equal to one. Therefore, we close our system and consider the
simplest algorithm, which is used on all (with very rare exceptions) low-flying small spacecraft - the
B-Dot angular velocity damping algorithm. It is used at the initial stage of the mission to dampen the
rotation that inevitably occurs after the small spacecraft is pushed out of the launch vehicle's release
container.

The classic B-dot algorithm is [21]
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where k is a coefficient, scalar or vector (for the case, for example, of a large difference in the mo-
ments of inertia along the axes of the spacecraft). The choice of the coefficient is a separate interesting
problem (see, for example, [18]), but even manual selection gives acceptable control quality. Normali-
zation of the magnetic field derivative vector (denominator) increases the stability of the coefficient in
the control loop, although magnetometer noise, of course, remains.

In code, the B-dot algorithm looks simple:

Listing 4. A variant of the B-dot algorithm implementation

kBDot =500
def BDot(self):
""" B-Dot algorithm on normalized vector of Earth’s magnetic field """
dB = self.B_Bn - self.Buf.B_Bn[-1]
dt = self.t - self. Buf.t[-1]
return -self. kBDot * dB/dt

Here, the Buf object is a buffer that stores the values of the variables t and B from previous itera-
tions. They are updated in the main algorithm (see examples in the project's GitFlic repository [19]).

Fig. 10 shows the transient process for the angular velocity of the spacecraft — the component of the
angular velocity o” and the vector of the measured magnetic field B®, in the axes of the associated co-
ordinate system. It is clear how the system cannot damp the component X — it coincided in direction
with the vector, and the magnetic system physically cannot create a moment around the vector of the
magnetic field.

During rotation, the most energy-consuming axis of the spacecraft is the one with the largest mo-
ment of inertia. When the algorithm is running, when a counteracting moment is created, this compo-
nent is the most difficult to extinguish. Therefore, the spacecraft almost always turns so that this axis
becomes collinear to the magnetic field vector B, which is observed in the graphs of the transition
process for the components of the angular velocity.
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Fig. 10. Transient of B-Dot detumbling algorithm
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Conclusion

The paper presents the results of developing a dispatcher designed for joint execution of simulation
models that make up a multicomponent system. As a result of modeling, a joint solution to the tran
sient process is obtained, which allows for complex testing of algorithms and models. This helps to
identify errors that may be difficult to detect during isolated testing of individual subsystems.

A feature of the developed software is its implementation in the popular Python programming lan-
guage, which allows for seamless integration of a huge number of libraries for Python, including for
the development of control systems and data analysis.

Data exchange between models is performed via UDP packets, which allows using not only Py-
thon, but also other programming languages for writing models. For the same reason, it is quite simple
to implement the hardware-in-loop technology (a corresponding example is given in the article [11]),
which allows for more efficient development of control systems.

An example of using the developed manager to create a model of the orientation system of a small
CubeSAT spacecraft with a magnetic orientation system is presented; an example of implementing the
B-Dot algorithm and the results of modeling the transient process are given.

The developed system is used for simulation modeling and development of the orientation system
of the ReshUCube-3 Space Mission project.

Links to the source code of the system (BSD License) are provided, which is posted in the public
domain on GitFlic [21], the documentation is posted on the ReadTheDocs platform [10].
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